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Abstract 
The double-H quartz tuning fork has a ( ωzy )5° cut shape[1], its structure and vibration mode are different with H 
quartz tuning fork clearly, and we have applied for a patent for the structure of the double-H quartz tuning fork 
gyroscope.  It is desired that the driving signal has very high frequency stability and amplitude stability on the 
operation of the quartz tuning fork.  But, the quartz tuning fork resonant frequency of the reference mode may change 
with temperature, and if the driving signal frequency can’t automatically track the resonant frequency of the reference 
mode, the error signal will appear in the output angular rate signal.  Based on the severe nonlinearity drift error 
induced by temperature change, a practical and precise composite model was proposed to compensate the error 
caused by temperature change.  The double-H quartz tuning fork gyroscope temperature modeling was set up by test 
experiment and data processing at full temperature range, the accuracy of the double-H quartz tuning fork gyroscope 
was improved greatly by utilizing temperature compensation, and the experiment results indicate that the method is 
useful and feasible. 
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1. Introduction 
Micro quartz tuning fork gyroscope is a kind of angular rate sensor based on Micro-Electro-Mechanical 
systems (MEMS) technology.  For the difficulty in techniques of the traditional tuning fork structures, a 
new double H shape tuning fork structure is proposed.  The symmetry of the structure can be used to 
remove the effect of linear acceleration and angular rate in other directions.  The double H quartz tuning  
fork gyroscope was shown in Fig.1.  It has advantages as a physical volume of small, and light weight, the 
long life span, the high credibility, the low cost and the environment adaptive ability etc[3].  It has a vast of 
applied foreground in the weapon guided system and attitude control for the military and public fields etc.  
Bias is one of the key indicators that affecting the performance of micro quartz tuning fork gyroscope.  
Because the core part of the quartz tuning fork gyro is sensitive for the work environment temperature, 
the gyro accuracy is seriously restricted when work environment temperature changes.  It is required that 
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Figure 1. The double H quartz tuning fork gyroscope 
 
the gyro has high performance in some high accuracy applications, so it is necessary for analyzing the 
temperature characteristics of the quartz tuning fork gyro and compensating the bias to improve the 
applicability of the gyro at different temperatures. 
2. Temperature Characteristics Analysis for Double H Quartz Tuning Fork Gyroscope
Quartz tuning fork gyroscope is made of quartz crystal.  Quartz crystal may not only generate 
thermal expansion and contraction, but also its elastic medium, dielectric properties, piezoelectric 
properties and density have to change when the temperature change[4].  Because the reference mode 
resonant frequency and the sensitive mode resonant frequency of quartz tuning fork gyroscope have to do 
with elastic constants, density and the chip size of quartz crystal, the reference mode resonant frequency 
and sensitive mode resonant frequency change when the temperature changes, and this will directly affect 
the gyroscope output signal.  Besides, there will generate heat inside the gyroscope after the gyro is 
powered on, this is another reason affected the stability of gyro output signal. 
3. Temperature experiment 
3.1. Experiment method 
Place a double H quartz tuning fork gyro into the temperature experiment box which has a resolution 
of 0.1℃, and the temperature experiment box has no electromagnetic interference to the gyro.  The proper 
temperature points were selected: -40℃, -30℃,-20℃,-10℃, 0℃, 10℃, 20℃, 30℃, 40℃, 50℃, 60℃,
70℃, 80℃.  After the gyro working temperature stability, data acquisition was carried on.  The data we 
sampled include the output voltage of the gyro, the frequency and amplitude of driving signal, the output 
voltage of a temperature sensor. 
We added a diode to the signal processing circuit as a temperature sensor, since the diode can be 
used as a temperature detection device.  The principle of temperature detection is very simple.  The PN 
junction of the diode has negative temperature characteristics (the junction voltage of the PN junction 
changes linearly with temperature).  So we test the temperature characteristics of the diode to get the 
actual temperature when we know the voltage of the temperature sensor. 
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3.2. Experiment results and analysis 
3.2.1. The Scale Factor of Temperature Sensor 
The formula is: 
1
m miX XN
= ∑  (1) 
Where: miX  is the output of the temperature sensor at each experiment temperature point (13 points 
totally), N  is the sampling number, mX  is the output of the temperature sensor of the m temperature 
point. The data sees Table 1. 
Establish the linear model between the input and output of the temperature sensor: 
0m T mX K T X= +  (2) 
Table 1. The output of the temperature sensor
Temperature(℃) Output(V) Temperature(℃) Output(V)
-40 0.190253 30 0.657483
-30 0.25562 40 0.710198
-20 0.314526 50 0.763923
-10 0.375368 60 0.813508
0 0.436745 70 0.860646
10 0.497855 80 0.913655
20 0.55586
Where: TK  is the scale factor of the temperature sensor, 0X  is the fitting zero output.  The follow is 
the test results: 
TK =6.2mv/℃, 0X =0.4416V 
3.2.2. The output of the double H quartz tuning fork gyroscope 
Based on the above steps, the temperature experiment for double H quartz tuning fork gyro was 
carried on, and the experiment results can be seen from fig.2.  Fig.2(a) shows the relationship between the 
zero output voltage of the gyro and the temperature, and the curve is non-linear clearly.  Fig.2(b) shows 
the frequency of the driving signal changes with temperature, and this curve is a parabola.  Fig.2(c) shows 
the amplitude of the driving signal decreases monotonically with increasing temperature.  Because the 
frequency and amplitude of the driving signal change with temperature, and there relationship with the 
temperature is not similar to the relationship between zero output voltage of the gyro and the temperature, 
there must have any other reasons that make the temperature affect the zero output of the gyro. 
4. Temperature modeling  and compensation 
Since the temperature experiment did not find the real reason making the gyro sensitive to the 
temperature, but this is a problem need to be solved especially in the high precision applications.  
Temperature compensation is an effective method to compensate the bias caused by temperature variety.  
Much more research work about temperature modeling has been done by other researchers, such as 
polynomial model, exponential model[2][5][6][7].  In this paper, a polynomial model of temperature 
compensation was proposed: 
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Figure 2. (a) The zero rate output of the gyroscope; (b) The frequency of the driving signal; (c) The amplitude of the driving signal 
( ) ( ) ( ) ( )0 1 20 0 1 0 2 0 0 nnBias K T K T T K T T K T T= + − + − + + −L  (3) 
Where:T0=25℃, T= actual sensor temperature, n= polynomial order, K0,K1,K2,Kn= compensation 
coefficients, can determine the value with the least square method. 
The bias error compensation value is subtracted from gyroscope bias to provide a compensated bias 
output at any given temperature.  If the bias data contains errors that vary with temperature erratically 
(more than third order polynomial), then bias compensation will be less accurate and the compensated 
gyroscope will have a lager bias errors. 
When n=3, 4, 5, the compensation coefficients see Table 2. 
 
Table 2. The compensation coefficients of the polynomial 
n 5 4 3 
K0 3.1041 3.1269 3.0073 
K1 -0.005 -6.9311e-04 5.8332e-04 
K2 -8.4325e-05 -1.6455e-04 -4.0574e-05 
K3 5.3243e-06 1.7797e-07 -5.5591e-07 
K4 6.4215e-09 3.6694e-08  
K5 -1.2109e-09   
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5. The compensation results 
    To prove the practicality of the model, we designed a signal processing plat with digital signal 
processor to extract the angular rate signal, and programmed the compensation algorithm according to the 
linear model of the temperature sensor and the polynomial model of the gyroscope.  We test the 
gyroscope through two complete temperature cycle with extremes at -40℃ and 80℃, the experiment 
results were shown in Fig.3.  Contrast to Fig.2, the temperature bias dropped two orders of magnitude, 
and this error is acceptable. 
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Figure 3. The compensated output of the gyroscope 
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On the foundation of the temperature experiment, we adopt polynomial model to carry out 
temperature compensation for the quartz tuning fork gyro temperature drift.  Although the reason caused 
by temperature drift wasn’t found, the polynomial model can compensate the bias error well.  The 
modeling of the factual example shows the feasibility of the compensation method. 
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